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Abstract: Myeloid derived suppressor cells (MDSCs) and tumor- associated macrophages 
(TAMs) represent prominent components in cancer progression. We previously showed 
that inhibition of the VEGFR-3 pathway by SARD 1675 leads to reduction of TAM 
infiltration and tumor growth. Here, we found that treatment with SARD 1675 prevents the 
accumulation of immunosuppressive blood and splenic MDSCs which express VEGFR-3, 
in 4T1 tumor bearing mice. Moreover we showed that soluble factors secreted by tumor 
cells promote MDSCs proUferation and differentiation into M2 polarized F4/80-1- macrophages. 
In addition, cell sorting and transcriptomic analysis of tumor infiltrating myeloid cells 
revealed the presence of a heterogeneous population that could be divided into 3 
subpopulations: (i) immature cells with a MDSC phenotype (GRl-i-/CDllb-i-/F4/80~); 
(ii) "immuno-incompetent" macrophages (F4/80''^^VCD86"'^/MHCII^°'^) strongly expressing 
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M2 markers such as Legumain, CD206 and Mgll/2 and (iii) "immuno-competent"-Ml like 
macrophages (F4/80^°"/CD86VMHCII"'^''). SAR131675 treatment reduced MDSCs in 
lymphoid organs as well as F4/80^^^'' populations in tumors. Interestingly, in the tumor 
SAR131675 was able to increase the immunocompetent Ml like population (F4/80'°^). 
Altogether these results demonstrate that the specific VEGFR-3 inhibitor SARI 3 1675 exerts 
its anti tumoral activity by acting on different players that orchestrate immunosuppression 
and cancer progression in a tumoral context: MDSCs in peripheral lymphoid organs and 
TAMs infiltrating the tumor. 

Keywords: VEGFR-3; macrophages; MDSCs; angiogenesis; lymphangiogenesis 



1. Introduction 

Despite tremendous efforts to harness the power of the immune system, the use of vaccines and 
other immunotherapies to fight cancer has largely ended in failure. Within the past few years, 
researchers have identified a heterogeneous myeloid population known as myeloid-derived suppressor 
cells (MDSCs) in cancer patients [1-3] and also in rodent tumor models and suggested that these cell 
populations may be one of the causes of the failure of immunotherapy. Growing evidence suggests that 
MDSCs, which have been named "immature myeloid cells" or "myeloid suppressor cells" (MSCs), 
play a critical role during the progression of cancer. These cells are immature myeloid cells that fail to 
complete their differentiation and are endowed with a tremendous immunosuppressive potential as a 
common feature [4,5]. In mice, MDSCs were originally described as a population of GRl+CDllb+ 
cells [6]. More recently, MDSCs were divided into two subsets based on the presence of the molecules 
Ly6C and Ly6G: cells with a granulocytic phenotype, positive for the Ly6G marker; and cells with a 
monocytic phenotype, positive for the Ly6C marker [7,8]. Human MDSCs have less been described 
and until now no specific marker has been identified. They express common myeloid markers such as 
CDllb, CD33, and HLA-DR, often in combination with CD14 (for monocyte lineage) or CD15 for 
granulocytic lineages [3,9]. In cancer, the number of "MDSCs" generally increases in the peripheral 
blood and in the tumor. A good correlation between MDSC levels and clinical cancer stage and grade 
has also been described [10-12]. 

Tumor Associated Macrophages (TAMs) represent another immunosuppressive population found in 
the tumor microenvironment. Macrophages are plastic cells; they can adopt different phenotypes 
depending on the microenvironmental context which can drive their differentiation either toward a 
"classic" (Ml) or an "alternative" (M2) activation state [13]. It has been suggested that TAMs mainly 
display an M2-like phenotype [14] and participate in tumor growth by promoting immune suppression, 
angiogenesis through producing VEGFs and angiopoietin 1/2 [15], and invasion and metastasis by 
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secretion of proteases such as MMP9 and cathepsins. Therefore, various growth factors and 
chemokines secreted by TAMs, like epidermal growth factor (EGF), transforming growth factor-P 
(TGF-P), interleukin-8 (IL-8) and tumour necrosis factor-a (TNF-a) contribute to the migration of 
tumour cells towards vessels and provide proliferative and anti-apoptotic signals to these cells [16,17]. 
Accumulating evidence has clearly demonstrated, in various murine tumor models and in clinical 
situations, that a correlation exists between the amount and/or density of TAMs and tumor progression 
and aggressiveness [18,19]. 

While both TAMs and MDSCs present immunosuppressive activity in a tumor context, the 
complementarity and/or relationship between these two populations are not well understood. It has 
previously been proposed that MDSC entering the tumor microenvironment (TME) could differentiate 
into TAMs or TANs (tumor-associated neutrophils) in mice after adoptive transfer of freshly isolated 
GR1+ cells [20-22]. 

In this study we demonstrate that MDSCs are able to proliferate and differentiate into M2 
macrophages in response to tumor secreted factors. Interestingly, the previously described VEGFR-3 
inhibitor, SAR131675, reduces the number of circulating MDSCs, increases the proportion of tumor 
associated "Ml -like" macrophages and reduces tumor growth and metastasis. This work confirms the 
previously reported action of SARI 3 1675 on key myeloid protagonists in tumor development and 
provides a rationale for the use of VEGFR-3 inhibitors in inflammatory solid tumor treatment. 

2. Results 

2.1. Effect ofSAR131675 on Spleen Weight of 4T1 -Bearing Mice 

In a previous study, we described SAR131675, a specific VEGFR-3 Tyrosine kinase inhibitor, 
which presents anti-tumoral and anti-metastatic activities in different tumor models in mice and in 
particular in the mammary 4T1 model [23]. This poorly immunogenic, BALB/c-derived transplantable 
tumor shares several characteristics with human breast tumors and is an established model for 
metastatic cancer. This model is characterized by splenomegaly [24]. As shown in Figure lA, spleen 
weight from 4Tl-bearing mice was 3-fold higher than in control mice. Interestingly, SAR131675 
dramatically reduced tumor-induced splenomegaly in 4T1 mice (Figure lAa) with inhibition of tumor 
volume at the same time (Figure lAb). Figure IB shows that splenomegaly was not due to oedema or 
to matrix synthesis, but to an increase of infiltrating cells. This splenomegaly was correlated with the 
accumulation of a new cell population within the spleen. These cells are sensitive to 6-thioguanine 
ex vivo demonstrating that this population is not the result of 4T1 metastasis in the spleen [25]. To 
characterize these spleen invasive cells we performed flow cytometry analysis on total spleen from 
control and 4T1 tumor-bearing mice. Three weeks after tumor implantation a cell population 
characterized by Forward light scatter/Side light scatter parameters at high level (FSC'^^VSSC'^'^'') was 
present in the spleen from tumor-bearing, but not from control mice (Figure IC). Moreover, 
SAR131675 specifically decreased the proportion of this new population (Figure IC). To determine 
whether SARD 1675 may have a direct effect on splenic cells, we performed an analysis of covariance 
(ANCOVA) of the relation between tumor and spleen weight in vehicle vs. SAR131675-treated 
animals. The data from three experiments were pooled in order to study a greater range of tumor 
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weights, and the results are shown on Figure ID. During the ANCOVA, we found that the slope of the 
regression curve was significantly {p < 0.0001) different from 0, confirming that the spleen weight 
and tumor weight are strongly related. Furthermore, the slope for the vehicle-treated animals was 
significantly different from the slope for the SAR131675-treated animals {p < 0.02), showing that the 
spleen weight increased less with tumor weight in the SAR131675-treated animals as compared to the 
vehicle-treated animals. As can be seen in Figure ID, for an identical tumor weight, the spleen weights 
were distinctly lower in SAR131675-treated animals. Taken together, these results demonstrate that 
SARI 3 1675 reduced splenomegaly by specifically inhibiting the accumulation of a new cell 
population in the spleen. 

Figure 1. Increase of spleen weight in 4T1 model and effect of SAR131675. (A) (a) 
Spleen weight in control mice and in 4Tl-bearing mice treated with vehicle (veh: methyl 
cellulose) or with SAR131675 (SAR) at 100 mg/kg/d. (** p < 0.01). (b) tumor volume in 
mice treated with vehicle or with SARI 3 1675 (SAR) at 100 mg/kg/d. (B) A regression 
curve was calculated between spleen weight and cellularity, (R is mentioned next to the 
curve). (C) Cytometry dot plots showing the side scatter v^. forward scatter of splenocytes 
isolated from control mice (a) 4T1 -bearing mice (b) and 4T1 -bearing mice treated with 
SARD 1675 (c). (D) Analysis of covariance (ANCOVA) of the relation between tumor and 
spleen weight in vehicle vs. SAR131675-treated animals. The data from three experiments 
were pooled in order to study a greater range of tumor weights (39 animals in the vehicle 
treated groups and 36 in the SAR treated groups). 
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2.2. Effect of SAR131675 on 4T1 Tumor-Induced Splenic and Blood GRlCDllb Cells 

In rodents, MDSCs have been characterized by co-expression of two key markers: GRl and GDI lb [6]. 
If we consider just the new FSChigh/SSChigh cell population described in Figure 1, 95% of this cell 
population expressed GRl and GDI lb markers (Figure 2Aa,b). As shown in Figure 2A, three weeks 
after 4T1 cells implantation, the percentage of GRl GDI lb cells was highly increased in spleen and in 
plasma (Figure 2Aa-d) and Supplementary Figure SlAa-c). If we consider the entire population, the 
proportion of splenic and blood GRlGDllb cells was about 17% in control mice, whereas this 
proportion reached 59% in the spleen and 65% in the blood of tumor-bearing mice (Figure 2Ac,d and 
Figure SlAa-c). The increase in splenic and blood GRlGDllb cells started early after 4T1 implantation 
(22% in the spleen and 35% in blood 10-12 days after tumor implantation) and went up gradually until 
day 21 (50% in the spleen and 70% in blood. Figure 2Ae and Figure SI Ac). While the number of 
GRl GDI lb cells increased dramatically in the spleen and blood from tumor-bearing mice in comparison 
to control mice, the phenotype of these cells from the two mouse populations was not different. These 
cells expressed GDI 15 and IL4R and did not express F4/80, MHG-II and GD86, indicating they were 
in an immature myeloid state not able to stimulate T cells (Supplementary Figures SIB and S2A). 

We therefore asked whether GRlGDllb cells derived from 4T1 -bearing mice and control mice 
were functionally different. For this aim, purified GRlGDllb cells from each population were purified 
and we investigated their immunosuppressive activity. T cells were stimulated by anti-GD3/GD28 
beads in the presence of different ratios of sorted splenic GRlGDllb cells obtained from control or 
4T1 bearing mice (Figure 2B). Whereas non-stimulated T cells didn't proliferate (Figure 2Ba), treatment 
with anti GD3/GD28 beads strongly induced their proliferation (91% of proliferating T cells. Figure 2Bb). 
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Figure 2. Splenic GRlCDllb cells characterization in the 4T1 model and effect of 
SARI 3 1675. (A) At day 21 after tumor implantation, spleen cells from control and 4T1 
mice were stained with fluorochrome-coupled anti-GRl and anti-CDl lb antibodies (a-d). 
Kinetics of splenic GRlCDllb cell proportion during tumor growth (e). (B) CFSE labeled 
purified CD4+ T cells from control spleen were stimulated (b) or not (a) by anti CD3/CD28 
beads. Activated CD4+ T cells were in co-culture with control (c) or 4T1 (d) derived 
GRlCDllb cells. GRlCDllb cells were added at different ratios and their effect was 
quantified as follow: [1 - (proliferation with 4T1 GRlCDllb cells/proliferation with 
normal GRlCDllb cells)] x 100 (e). (C) Effect of SAR131675 on splenic GRlCDllb 
cells in 4T1 bearing mice. GRlCDllb cells derived from the spleen of 4T1 tumor 
free-mice were used as control. (D) Expression of VEGFR-3 on splenic CD lib cells from 
control and 4T1 bearing mice, (a) validation of the anti- VEGFR-3 antibody on HEK cells 
transfected with empty plasmid (negative control) or with murine VEGFR-3 encoding 
plasmid. (b) Double staining of splenocytes, derived from control mice or from 4T1 
bearing mice, with anti- VEGFR-3 and anti-CDl lb antibodies. 
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In the presence of GRlCDllb cells obtained from control mice, T cell proliferation was not altered 
(91% of proliferating T cells. Figure 2Bc) even at the 1:1 ratio. In contrast, GRlCDllb cells derived 
from 4T1 bearing mice inhibited T cell proliferation in a dose dependent manner. The maximal 
inhibition of cycling T cells (46%) was reached at the ratio 1 : 1 (Figure 2Bd,e). 

Under physiological conditions, the ratio between splenic CD4+ T cells and GRlCDllb cells was 
4 to 10 (45% CD4+ T cells vs. 5%-10% GRlCDllb cells). In mice bearing 4T1 tumors, this ratio was 
inverted and represented 0.1 to 0.2 (5% of CD4+ T cells and 50% of GRlCDllb cells; Supplementary 
Figure SIC). Since in our T cell proliferation experiment a ratio of 1:1 was used, these results 
highlight an impressive immunosuppressive capacity of GRlCDllb cells from 4T1 -bearing mouse 
spleen (Figure 2Be). Interestingly, when mice were treated with SAR131675, there was a clear 
reduction of the splenic and blood GRlCDllb cell proportion (34% to 14% in spleen Figure 2C and 
66% to 36% in blood, Supplementary Figure SID). Furthermore, a large proportion of CD lib cells 
expressed VEGFR-3 in 4T1 and in control mice as shown in Figure 2D. These results demonstrate that 
SARI 3 1675 prevents the increase of blood and splenic myeloid immunosuppressive GRlCDllb cells 
induced by tumor progression. 

2.3. Characterization of Tumor Infiltrating Myeloid Subpopulations and Effect of SARI 3 1675 

After analysis of peripheral myeloid cells in 4T1 -bearing mice, we investigated the presence 
of GRlCDllb cells in the tumor microenvironment. For this purpose, tumors were harvested, 
dissected and digested by enzymatic treatment, to obtain a single cell suspension. After purification, 
CDllb+ cells were further stained with anti-GRl and anti-F4/80 antibodies (Figure 3Aa-c). F4/80 
staining revealed the presence of three major populations: PI: corresponding to F4/80-negative 
immature cells (GRl'''^VCDllb+/F4/80": 28%), P2: (GRl'"VCDl lb+/F4/80'''^^ 50%), and P3: 
GRl^°"'/CDllb+/F4/80^°": 22%), (Figure 3Ac). Interestingly, treatment with SAR131675 reduced the 
number of macrophages expressing high levels of F4/80 (from 65% to 35%) and increased the number 
of macrophages with lower F4/80 levels (from 20% to 38%; Figure 3Ba,b). The phenotype and 
biological functions of these three subpopulations were further investigated. Cell sorting and 
transcriptomic analysis revealed that in contrast to F4/80 negative cells (PI), all F4/80 positive 
macrophages (P2 and P3) expressed significant levels of MRCl, legumain and Mgl2, demonstrating 
that P2 and P3 cells represent two distinct subpopulations of macrophages (Figure 3C). To distinguish 
between these two populations, we stained them with the two immune markers MHCII and CD86, 
two molecules required for CD4+ T cell activation. On the basis of these stainings, we showed that P2 
populations express lower MHCII levels but not CD86 levels, suggesting that they are not endowed 
with immunostimulatory potential characteristic of the M2 phenotype (Figure 3Da,b). In contrast, the 
P3 population expressed high levels of MHCII and CD86 (like peritoneal macrophages, data not 
shown) and lower levels of MRCl and legumain (M2 markers) suggesting that these macrophages 
could potentially be Ml -like macrophages with immunostimulatory activity (Figure 2Cc,Da,b). 
Altogether, these findings demonstrate that tumors are infiltrated with heterogeneous macrophage 
populations and inhibition of the VEGFR-3 pathway by SARI 3 1675 may modify the ratio of 
M2/Ml-like macrophages in the tumor. 
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Figure 3. Characterization of 4T1 tumor infiltrating myeloid subpopulations and effect of 
SAR131675. (A) At day 21 after tumor implantation, a single cell suspension was prepared 
after enzymatic digestion of 4T1 tumors. Flow cytometric analysis was performed on the 
total cell population (a) or after purification of CDllb+ cells (b,c). Cells were stained with 
anti GRl, CDllb and F4/80 antibodies. Different gated myeloid subpopulations ai^e noted 
PI, P2 and P3 (c). (B) Analysis of the F4/80 expression on CDllb cells sorted from 4T1 
tumors from untreated (a) or from SAR131675 treated mice (b). Histograms are 
representative of 3 independent experiments. (C) Transcriptomic analysis for MRCl, 
Legumain and Mgl2 from sorted PI (GRl"'^^F4/80" in grey block), P2 (GR1^"'F4/80"^^^ in 
dark and white points block) and P3 (GRl^°*F4/80^°* in white and dark oblique hatching 
block) populations. (D) CDllb+ cells sorted from 4T1 tumors were stained with 
fluorochrome-coupled anti-F4/80, anti-MHCII and anti-CD86 antibodies. 
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2.4. 4T1 -Derived Factors Induce the Differentiation of GRlCDllb Cells in F4/80+ Macrophages 

Previous results demonstrated that heterogeneous myeloid cell populations, which contain 
immature and mature cells, infiltrate tumors. The link between both these myeloid populations is not 
well established. Since GRlCDllb cells are present in the blood/spleen and in tumors, we hj^othesized 
that this immature population could further differentiate within the tumor microenvironment. In this 
context, we evaluated the effect of 4T1 cell conditioned medium on GRlCDllb cell behaviour. As 
indicated in Figure 4A, 4T1 culture-derived soluble factors induced in a dose-dependent manner the 
proliferation of sorted blood GRlCDllb cells after 72 h of culture as measured by ATP incorporation 
and by CFSE labelling (Figure 4Aa-c). The same results were obtained with GRl/CDllb cells sorted 
from the spleen or bone marrow (data not shown). Interestingly, seven days sustained stimulation of 
blood (and splenic or BM) GRlCDllb F4/80" cells with murine recombinant MCSF (Figure 4Bb,c), 
or with 4T1 -conditioned medium (Figure 4Bd,e) lead to their differentiation into macrophages. This 
differentiation was evidenced by the loss of the immature marker GRl and acquisition of the 
macrophage marker, F4/80. These cells are myeloid derived immature pluripotent cells, which are able 
to proliferate and differentiate into macrophages under the effect of 4T1 -derived soluble factors within 
the tumor environment. To go further in the characterisation of the phenotype of these differentiated 
macrophages, sorted GRlCDllb cells were differentiated into macrophages in the presence of MCSF, 
and then stimulated with IL4 or LPS/IFNy cocktail to polarize cells into M2 or Ml macrophages, 
respectively (Figure 5A). The phenotype of these differentiated and well-characterized macrophages 
was compared to the one obtained after treatment with 4T1 supernatant. Like MCSF and MCSF+IL4 
treatments, 4T1 supernatant induced the expression of CD206 and legumain, confirming that 4T1 cells 
produce factors able to differentiate MDSCs into M2 macrophages (Figure 5Aa-f and 5B). We also 
found that 4T1 cells produce MCSF and IL13 which may act on MCSFR and IL4 receptors to 
complete the differentiation into M2 macrophages (Supplementary Figure S2B). In addition, we 
detected VEGFC in the tumor microenvironment in vivo but not in 4T1 cells in vitro. These results 
suggest that the MCSFR and IL4R pathways are important for the proliferation and differentiation of 
MDSCs in vitro. However, it is important to note that SAR131675 does not inhibit the MCSFR-TK 
(Supplementary Figure S2C) suggesting that in vivo other pathways, and mainly the VEGFR-3 
pathway, could explain the effects of SAR131675 on MDSCs. 

Interestingly, when macrophages were treated with IL4 or MCSF alone, they expressed low 
levels of MHCII (Figure 5Ca). In contrast, after treatment with LPS/IFNy these macrophages 
expressed high levels of MHCII (Figure 5Cb). These two polarized populations are very similar to 
tumor infiltrating MHCn'"^'' and MHCIl'"* myeloid cells described previously (Figure 3). Altogether, 
these results suggest that "immuno-incompetent" macrophages (GRl'°'/F4/80'^^VCD86"'^/MHCtf°^) 
could represent M2 polarized macrophages whereas the "immuno-competent" (GRl'^"'/F4/80'^"'/ 
CD86^/MHCII"'^^) homologues may correspond to "immuno-competent" Ml macrophages. 
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Figure 4. Tumor derived factors induce GRlCDllb cell proliferation and differentiation 
in tumor associated macrophages. (A) CDllb+ cells purified from spleen were incubated 
with different doses of conditioned medium (25%, 50%, 75% of 4T1 cells culture 
supernatant). ATP content was evaluated after 72 h of culture (a). MCSF (b) or 4T1 
conditioned medium (c)-treated GRlCDllb cells were stained with CFSE, and analyzed 
after 48 and 72 h as indicated. % of cycling cells is noted. (B) Blood (b-d) or splenic (c-e) 
purified GRlCDllb cells (a) were incubated during 7 days in the presence of murine 
recombinant MCSF (100 ng/mL) (b,c) or 4T1 supernatant conditioned medium (d,e). 
Cells were stained with fluorochrome-coupled anti-GRl and anti-F4/80 antibodies. % of 
Qj^j-cow/p4/gQ+ differentiated macrophages is noted. 
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3. Discussion 



Tumor-infiltrating immune cells are a hallmark of most solid tumors, and the presence of varied 
immune populations significantly affects clinical outcomes for patients with cancer. Historically, 
tumor- infiltrating immune cells have been viewed as restraining tumor progression [26], but in recent 
years, it has become more widely appreciated that chronic immune responses play critical roles 
in promoting tumor progression. Therefore, understanding the molecular mechanisms by which 
malignant cells derail antitumor immune responses to favor disease progression is critical. In that 
context, we have previously shown that SAR131675, a selective VEGFR-3 inhibitor, reduces TAMs 
infiltration into tumors. In this study, we used an orthotopic and syngenic mammary tumor model to 
characterize circulating and tumor associated immunosuppressive cells, to establish a relationship 
between these populations and to investigate the in vivo effect of SAR131675 on these different 
immune cell populations. 
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Figure 5. Impact of tumor derived factors on GRlCDllb cell polarization into M1/M2 
macrophages. (A) Blood purified GRlCDllb cells were incubated with MCSF during 
6 days. After differentiation, macrophages were polarized during 24 h with IL4 (a-d) or 
LPS/IFNy (b-e) or 4T1 conditioned medium (c-f). Polarized macrophages were stained 
with fluorochrome-coupled anti-F4/80 (a-c) or anti-CD206 (d-f) antibodies. Vertical 
hatching is used for isotype controls and oblique hatching for staining with the specific 
markers. (B) Western blot analysis showing the expression and processing of Legumain 
protein in splenocytes and in different subtypes of macrophages described in A. (C) M2 (a) 
and Ml (b) polarized F4/80+ macrophages were stained with APC coupled anti-MHCH 
and FITC coupled anti-F4/80 antibodies. 
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We first confirmed that 4T1 bearing mice exhibit significant expansion and accumulation of 
GRlCDllb cells in spleen and blood as described previously [5,8]. Interestingly, we demonstrated for 
the first time that tumor-induced accumulation of GRlCDllb cells is dramatically reduced by the 
blockade of VEGFR-3 signaling by SAR131675. This reduction was also associated with an important 
decrease of splenomegaly which was strongly correlated with tumor growth. We also showed that this 
splenomegaly was due to the accumulation of GRlCDllb cells. Interestingly, analysis of covariance 
showed that the spleen weight increased less with tumor weight in the SARI 3 1675 -treated animals as 
compared to the vehicle-treated animals, suggesting a direct effect of SARI 3 1675 on cells infiltrating 
the spleen. It is also noteworthy that cytometric and RT-PCR analysis demonstrated the expression of 
VEGFR-3 in GRlCDllb cells (Figure 2D and data not shown), further suggesting a direct effect of 
SAR131675 on these cells. It has been already demonstrated that 4T1 tumor-derived GRICDI lb cells 
contribute to the decrease of immune surveillance [27]. Here we confirmed the functional 
immunosuppressive effect of these cells, which represents a "trademark" of MDSCs. Indeed, potent 
inhibition of T cell proliferation by 4T1 tumor-derived GRlCDllb cells was observed with a (1:1) 
mixture of CD4+ T cells and GRlCDllb cells. This ratio is 10-fold below the physiopathological 
ratio (1:10), suggesting a strong immunosuppressive potential of 4T1 derived GRlCDllb cells. 
Interestingly we also observed an increase of GRlCDllb cells in the bone marrow of these mice 
demonstrating a tumor-induced myelopoiesis in accordance with the work of Shojaei et al. (data not 
shown) [28]. By CFSE labelling or ATP incorporation approaches, we demonstrated that 4T1 soluble 
factors such as MCSF are able to induce a robust MDSCs proliferation in vitro, confirming the 
precursor status of these cells. These results are strengthened by the work of Movahedi et al. who 
demonstrated the presence of precursors of TAMs (Ly6C™^'') with strong proliferation in the 4T1 
model, which continuously renewed all non-proliferating intra-tumor TAM subsets [29]. 

Cytofluorometric analysis associated with cell sorting and transcriptomic analysis of tumor 
infiltrating myeloid cells revealed the presence of heterogeneous macrophage subpopulations: (i) A 
MHCII^°"'/CD86"^F4/80*^^'* macrophage population expressing MRCl and legumain corresponding to 
"M2-like" macrophages without immunostimulatory properties (P2 of Figure 3); (ii) a second 
macrophage population cells was characterized by a MHCIl"^sVCD86^/F4/80^^ phenotype expressing 
low levels of MRCl and legumain, corresponding to "Ml -like" macrophages with potential 
immunostimulatory activity (P3 of Figure 3). These observations are in agreement with those reported 
in human cancer situations, showing that one of the major features of tumor associated macrophages is 
the down-regulation of MHC class II molecules [30,31]. These macrophage populations are very 
plastic and could move from one phenotype to another under the influence of tumoral 
microenvironment-derived cytokines [17]. Interestingly the amount of "Ml -like" macrophages was 
increased following treatment with SAR131675. 

In addition to both these macrophage populations, we noted the presence in the tumoral 
microenvironment (TME) of a GRlCDllb cell population with an immature status similar to that of 
the population isolated from the blood and spleen of tumor-bearing mice and characteristic of MDSCs. 
These cells do not express F4/80 and CD86 and express low levels of MHCII, MRCl, Legumain 
and Mgl2. It has been shown that MDSCs entering the TME can differentiate into TAMs or TANs in 
mice [21,32], suggesting that tumor-derived factors induce their functional differentiation into 
macrophages without immunostimulatory properties, therefore promoting tumor growth. The present 
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data demonstrate that 4T1 tumor-derived factors induce the differentiation of splenic and blood 
GRlCDllb cells into F4/80+ macrophages. These results confirm that once MDSCs infiltrate the 
tumor, a small fraction can differentiate into Ml -like MHCII*^^'' macrophages, but the larger fraction 
differentiates into M2-like MHCn'^°^ macrophages (summary in schematic drawing. Supplementary 
Figure S3). 

Interestingly, we have previously shown that SARI 3 1675 reduces TAM infiltration in the 4T1 and 
RiplTag2 models. In this report, we showed that SAR131675 reduces the circulating and spleen 
GRlCDllb immunosuppressive cells. This immunomodulatory activity of VEGFR-3 TK inhibitor 
could lead to the restoration of immunostimulation of T cells within the tumor, therefore participating 
into inhibition of tumor growth. In addition we showed that in contrast to sorafenib or sunitinib, this 
compound does not have any inhibitory effect on T cell proliferation [33,34]. These results highlight 
the importance of targeted therapy with specific kinase inhibitors. Indeed although multikinase 
inhibitors possess VEGFR-3 inhibitory activity, they also have immunosuppressive potential through 
inhibition of T cell responses and by modulating antigen presenting cells and their precursors. 
For example, imatinib and sunitinib induce secretion of anti-inflammatory IL-10 in macrophage 
cultures, indicating that treatment with these inhibitors might contribute to an immunosuppressive 
microenvironment in GIST [35]. In addition, it has been reported that sorafenib induces a significant 
increase of tumoral infiltration of F4/80+ cells. Depletion of macrophages in combination with 
sorafenib significantly inhibited tumor progression, tumor angiogenesis, and lung metastasis compared 
with mice treated with sorafenib alone [36] further demonstrating that multikinase inhibitors are 
endowed with immunosuppressive activities. 

Concerning the specific immunomodulatory role of VEGFR3, it has been reported that VEGFR-3 
is expressed on macrophages in several human pathological contexts like brain ischemia, kidney 
transplantation, chronic airway inflammation, corneal injury [37^1] and cancers [42,43]. It has also 
been demonstrated that VEGF-C promotes immune tolerance in murine melanoma through deletion of 
melanoma specific CD8+ T cells. These data are also in agreement with recent work showing that 
VEGF-C and VEGF-D blockade inhibits inflammatory skin carcinogenesis [44]. These data further 
suggest that specific inhibition of the VEGFR-3 axis leads to the reduction of myeloid immunosuppressive 
cells in vivo and improvement of the immune response. Circulating bone marrow -derived cells 
expressing VEGFR-3 were significantly increased in Small Cell Lung Cancer patients, and were 
associated with lymph node metastasis [45]. These cells were described as lymphatic/vascular 
endothelial progenitor cells, but their putative immunosuppressive activities and their potential to 
differentiate into macrophages are still to be demonstrated. Since myeloid cells are highly sensitive to 
pathogen associated molecular patterns we are working on the production of an ultra-pure VEGFC 
preparation to address this important question. We conclude that, in addition to its role on lymphatic 
and endothelial vasculature, the specific VEGFR-3 inhibitor SARI 3 1675 has an anti tumor effect by 
acting on different mechanisms through which key players of the inflammatory response orchestrate 
tumor progress, confirming that VEGFR-3 axis is an interesting therapeutic target for cancer treatment. 
Moreover these data highlight the fact that the specific inhibition of VEGFR-3 tyrosine kinase is more 
suitable than the blockade of multikinase pathways pointing out the interest of a new class of specific 
kinase inhibitors for cancer treatment. 
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4. Experimental 

4.1. Reagents, Cell Line and Tumor Model 

SAR131675, 4T1 cells and orthotopic tumor model development have been described previously [23]. 

4.2. Isolation ofGRlCDllb Cells and TAMs 

Tumors and spleen were harvested, dissected, and digested by enzymatic treatment to obtain single 
cell suspensions. To purify circulating, splenic, bone marrow and tumor-infiltrating myeloid cells, 
CDllb+ cells were positively selected with anti-CD lib microbeads using LS columns following the 
manufacturer's instructions (Miltenyi Biotec, Bergisch Gladbach, Germany). To purify blood 
GRl-i-CDl Ib-i- cells, monocytes from whole blood were negatively selected with murine monocytes 
spin sep kit (Stem Cell Technologies, Vancouver, BC, Canada) following the manufacturer's instructions. 

4.3. Flow Cytometry Analysis 

Single cell suspensions or purified CDllb-i- cells were washed with macs buffer (miltenyi biotech) 
and labelled for 30 min on ice with fluorochrome-conjugated antibodies: anti-GRl, CD lib, F4/80, 
MHCII (eBioscience, San Diego, CA, USA), CD86 (Becton-Dickinson, Le Pont de Claix, France), 
CD206 (Serotec, Colmar, France), and isotype-matched IgG controls. After washing, stained cells 
were analyzed on an ADPCyan flow cytometer (Beckman-Coulter, Villepinte, France). Data analyses 
were performed with Summit software (Beckman). To isolate different populations of tumor 
infiltrating-CDl lb+ cells, pre-sorted CDl Ib-i- cells were stained with APC-anti GRl and Alexa 488-anti 
F4/80 antibodies (eBioscience). Different GRl-i-/- F4/80-I-/- populations were isolated on the FACS 
sorter FACS aria II (BD) with the strategy of gating illustrated in Figure 3. 

4.4. Immunosuppression Assay 

CD4+ T cells were purified from normal mouse spleen by using mouse CD4+ T cell kit (Miltenyi 
Biotec), labelled with CFSE (10 |jM, 10 min at 37 °C) (Life Technologies, Saint Aubin, France) and 
10^ cells were added to flat-bottom 96-well plates (BD) and stimulated with anti CD3/CD28 beads 
(Life Technologies, Saint Aubin, France). GRlCDllb cells were purified either from the spleen of 
normal or from 4T1 -bearing mice and added at different ratios with purified CD4+ T cells. After 
4 days, the cocultures were stopped and analyzed on an ADPCyan flow cytometer (Beckman). Data 
analysis was performed with Summit software (Beckman). The percentage of suppression of T cell 
proliferation with 4T1 derived GRlCDllb cells was calculated as follows: [1 - (proliferation with 
4T1 GRlCDllb cells/proliferation with normal GRlCDllb cells)] x 100. 

4.5. In Vitro Proliferation and Differentiation of GRlCDllb Cells 

CFSE-labelled purified GRlCDllb cells obtained from spleen or blood of normal mice were 
cultured in RPMI supplemented with 10% FCS and 1% Glutamine. The cells were cultured alone, or 
supplemented with recombinant murine MCSF (100 ng/mL; R&D Systems, Minneapolis, MN, USA) 
or with conditioned media obtained from 4T1 cell culture supernatant harvested after 48 h. CFSE 
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labeling was analyzed after 48-72 h on a ADPCyan flow cytometer (Beckman). Data analyses were 
performed with Summit software (Beckman). Non-labeled GRlCDllb cells were used to quantify 
ATP content in the same experiment setting. The protocol to monitor ATP incorporation was described 
in Favier et al. [46]. For differentiation studies, GRlCDllb cells were restimulated after 2)-A days and 
harvested for analysis at Day 7. To study the differentiation status of GRlCDllb cells in TAMs, cells 
were labeled with APC-anti GRl and Alexa 488- anti F4/80 antibodies (eBioscience) and analyzed on 
an ADPCyan flow cytometer (Beckman). 

4.6. M1/M2 Polarization in a Murine Model 

Purified GRlCDllb cells were differentiated into macrophages during six days in RPML containing 
10% FCS, 1% glutamine, in the presence of 100 ng/mL of recombinant murine MCSF (R&D). At Day 6, 
macrophages were polarized during 24 h towards the Ml phenotype with murine recombinant IFNy 
(20 ng/mL; R&D) + LPS ultrapure K12 (1 ng/mL; Cayla Invivogen, Toulouse, France) treatment and 
towards M2 profile with murine recombinant IL-4 (20 ng/mL; R&D) or with 4T1 conditioned medium. 

4. 7. Trans criptomic Analysis 

Transcriptomic analysis was performed on ARN prepared from sorted splenic GRlCDllb cells and 
sorted tumor infiltrating GRl"'^*'/F4/80", GRl^'/F4/80"^^'^ and GRl^°"'/F4/80^"' isolated on FACS 
sorter FACSaria II (BD). 

Total RNA was prepared using RNeasy micro kit (Qiagen, Hilden, Germany) including DNAse 
treatment step (Rnase-free DNase kit, Qiagen). RNA was reverse-transcribed using the High Capacity 
cDNA Archive kit (Applied Biosystems, Life Technologies). Polymerase Chain Reactions were 
performed using commercial TaqMan assays (Applied Biosystems), Taqman Universal Master Mix 
(4304437, Applied Biosystems) and an ABI7900HT machine (Applied Biosystems). Cycles were as 
follows: 15 s at 95 °C and 1 min at 60 °C, 40 times. Ct (cycle threshold) values were determined using 
RQ manager 1.2 software (Applied Biosystems) with automatic baseline and threshold, and RQ 
min/max confidence = 95%. Ct is the cycle at which amplification signal is significantly above the 
background. Data analysis was performed using RealTime StatminerTM software (Integromics, Madrid, 
Espagne). A parametric test was performed (Limma option) with Benjamini-Hochberg False 
Discovery Rate p-value correction to assess significancy of expression differences between myeloid 
cell subpopulations. Abundance relative to 188 were calculated as RelA = 2 power (-DCt) x 1E9, 
where DCt is the difference between Ct of gene of interest and Ct of 18S. 

5. Conclusions 

This work strongly suggest that in addition to its role on lymphatic and endothelial vasculature, 
the specific VEGFR-3 inhibitor SAR131675 has an anti tumor effect by acting on different 
mechanisms through which key players of inflammatory response orchestrate tumor progress, 
confirming that VEGFR-3 axis is an interesting therapeutic target for cancer treatment. Moreover these 
data highlight the fact that the specific inhibition of VEGFR3 tyrosine kinase is more suitable than the 
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blockade of multikinase pathways pointing out the interest of a new class of specific kinase inhibitors 
for cancer treatment. 
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